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FOREWORD

This report was prepared by Nord Aviation, France under
Contract AF 61(052)-750 initiated under Project No. 3012,
Task No. 301203. The work was administered under the direction of
the Air Force Aero Propulsion Laboratory, Turbine Engine Divisionm,
with Isak J. Gershon as project engineer.

The publication of this report does not constitute
approval by the Air Force of the findings or the conclusions
contained herein. This report has been reviewed and is published
only for the exchange and stimulation of ideas.

EE

E. C. Simpsfn
Chief, Turbine Engine Division

Alr Force Aero Propulsion Laboratory
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EXPERIMENTAL AND DESIGN STUDIES

FORF TURDO-RAMJET COMBINATION ENGINE

Volume 3 -~ DATA

SUKMARY

pr—————— S

In this document, we have produced all the data necessary
for the calculations relating to the performance characteristics
of the turbofaneramjet combination engine.

- In Vol. 3.1, we have brought together the geometric and
thermodynamic characteristics of the SNECMA TF 106
turbofan 3 TURBOFAN DATA (5150/NIOBE 1IV/32/Z).

- In Vol. 3.2, we have given the numerical values of the
various parameters, coefficients and functions defining
the efficiencies of the different parts of the engine,
as well as the geometrical characteristics peculiar
to the combination engins : GENERAL DATA (5151/NIOBE 1V/33/2).
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SUMMARY

In this document, we have brought together the geometric
and thermodynamic charactoristics of turbofan SNECMA TF 106,
necessary for calculating the cycle and performance characteristics
of the turbofan~ramjet combination powerplant built around this
turhofan.

In addition we heve given the comparative values of the
sea level static performance characteristics provided by the
manufacturer and calculated from the thermodynamic data.

X
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SYMBCLS
-~ —
General Symbols
A Cross-sectional a-ea
P Total pressure
T Total temperature
D Turbofan air flow
Poo Static pressure av sea level
too Static temperature at sea level
< By-pass ratio
Upg Injected fuel flow
U, Burned fuel flow
D T'
d’N = 13 Turbofan inlet corrected air flow
1
N "1‘ Combustion efficiency
Superocripts
Indicates primary flow parameters
Subscriptg
F Refers to secondary flow
iy Refers to the turbofan total flow, or to the turbofan as a
whole
[ X) t/o e
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Numerical subscripts refer to various stations as indicated
in the diagram below ¢
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| - INTRODUCTI1ON

The calculation of the cycle and performance characteristics
of a turbofan-ramjet combination powerplant built around a turbofan
requires that the geometrical and thermodynamic characteristics of
the latter be knowm.

In this document, we have collected the data related to
the SNECMA TF 106 turbofan which is used in the present inveatigation.

The thermodynamic data have been provided to.us by the
manufacturer, in ths form of three-parameter sets of curves, for
the following engine inlet temperatures :

T, = 260 %K ( 468 ©°R )
T, = 28 °K ( 518 °R )
T, = 324 °K (583 °R )
T, = 360 °K (648 °R )
T, = 390 °K ( 702 °R )
T, = 420 °K (756 °R )
T, = 450 °K ( 810 °R )
T, = 550 °K (1990 °R )

1
with the turbine inlet temperature being maximum.,
2 = GEOHMETRICAL DATA

The SNECMA TP 106 turbofan, which has been selected for
the present research, is an axial, twin spool turbojet, with mixed
flows, and featuring e moderate by-pass ratio.

P
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The nine-stage lov pressurs compressor includes three
fan stagus, and is driven by a three-stage turbine.

The sevon-stage high pressure compressor is driven by
a single~atage turbine.

The ovorall pressure ratio is approximately 16/1 , the
fan pressure ratio is equal to 2.1/1 and the by-pass ratio is
1.2 at sea levael static conditions.

The major geometrical characteristics are the following
Length (from engine inlet to turbine flange) .ceeeeecces 90 in
External crogs-section area at the level of the turbine

flmm' "4 G000 0 00 8000000006000 c00000000v0BOERPOISESOIODN 5" M.ft
Engine inlet sectional area, A,m 5 SleIsfe[o[o1se S1¢ jsia 8;oTe o"s Vo sTe"s T.1 8q.ft
Secondary flow exit cross-sectional area, AF veesccossces 2.1 éq.rt

Primary flow exit cross-sectional area (issiing from the
previous investigation, Contract AF 61 (052)-670, Ay 4 squft

Weight, excluding the vardioble convergent exit nozsle .. ,100 1b
Weight of the variable convergent exit nozgle secscecess 400 1b
Total dw wis*‘t (AN NN NN RN RN NNREE NN NN NN N N NN I RN NN 3’5w lb

3 - TilERMODYNAMIC DATA

All thermodynamic characteristics are given for maximum rating,
that is for maximum turbine inlet temperature.

In the "short nozzle" configuration, the primary flow exhaust
nozzle opens into the internal part of the engine, within a high
static pressure zone, and is generally not sonic. The secondary
outlet, equipped with the movable-flapped mixer, has a variable

cross~-gection area.

srerel s
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Thus the turbofan is equivalent to a conventional turbofan
with variable sonic exits, which means that its thermodynamic
characteristics are expressed in terms of three independent
parameters, for example the two corrected exit flows and the
fuel flow,

The fuel flow determines the ratio TIT / T, between
turbine inlet temporature, TIT, and engine inlet temperature, T‘.
Since the characteristics are given for maximum rating, temperature
TIT is fixed, and the first parameter adopted by SNECMA is

temperature ’I‘1 .

The other two parameters selected are
- the corrected air fiow at the engine inlet

\ITI / o0

&, =D
1 P,Tpoo

- parnmoter M which ic defined as follows ¢,

B AP
F2 1

The aystems of curves provided by SNECMA, for each value of
temperature T, , in terms of the corrected flow l)' , and with
as a parameter, give 1

- the by-pess ratio, ( = secondary flow / primary flow
- ratio Ty, / ‘T, , characterising the exit totsl temperature of the

secondary flow
- ratio P', / P, , characterizing the exit total pressure of the

primary flow
- ratio T, il Ty » characterizing the exit total temperature of the

primary flow.

o
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SHECMA has also supplied us with plates showing, in terms of
the same parameters as above, the corrected r.p.m. of the L.P. rotor,
the corrected fuel flow, the exit total pressure and temperature
ratios of the H.,P. compressor, and the corrected r.p.m. of the
H.P, rotor. The latter three plates make it possible to determine
the utilization zones of the former.

4 - SEA LEVEL STATIC CHARACTERISTICS

These, extracted from the manufacturor's literature, are the
following

TCL I L) e Py & R o G 250 1b/sec
DUt & ooy s shiobens snmessassoe  dlky 250, Ib
Specific fuel consumption eeeceseceess  0.597 1b/1b.hr
Specific thrust .eecvcaccssscsnsecens 45 =cc

It should be noticed that the results ootained from thermedynamic
data (see Vol. 4.1 = PARAMETIIC CALCULATIONS OF PERFORIANCE CHAPACTERISTICS)
are somswhat different from the above values. We fiand

‘ir flo' 000 08000 ¢8050800B00000008800480) 235 lb/aec
T}mt [ XXX E RN N NNNNENENNNENNNNNNENNNNRX ] 11'm lb
SPCCifiQ fuel Bomtion s00rasseseee 0.585 lb/lb.hr

These differences result from a shifting of the operating point,
due,on the one hand, to the head losses in the annular duct, and, on the
other hand, to the primary exit cross-sectional area, which are
different from SNECMA's.

coef o
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The law of the annular duct bead lossas, issuing from the
mixer tests performed under cover of the previous contract AP 61 (052)-670,
is better than SNECHA's.

The primary exit cross—sectional area chosen (4sq.ft) is
smaller (for SNECHA t 5 8q.ft). The lowsring of the exit sectional
area makes up partl; for the effect of the head losses diminution.
However, the influence of the latter is preponderant.

5 «~ FAN-COMPREGSOR CHAHACTERISTICS

Prom the thermodynamic data of the TF 106 engine we have deduced
the characteristics of the fan compressor : fan compressure ratio in
terms of 01 (Fig. 1).

In addition we havo plotted in this figure the corrected
r.p.m.'s of the fan rotor : N‘ /i V '1“ / too

6 - COMBUSTION EFFICIZKY

The manmufacturer has not supplied us with the valus of the
combustion efficiency.
We have evaluated it
- from the curves of corrected fuel flow, as concerns the injccted fuel,
- from the overall energetic balance, as concerns the burned fuel ;
U

an_._...._.

Uy

For all the performance characteristics calculations, we have

madc use of a constant value for the combustion efficiency :

q'p =097

sosfee
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7 = TABLES OF THERMODYNAMIC CHARACTERISTICS

Further on we exhibit the tables of thermodynamic data,
derived from the manufacturer's curve systems, and used for the
rerformance characteristics calculation.
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SNECKA
TP 106 - TURBOPAN ENGINE
Maximum Rated Turbine Inlet Temporature
Engine inlet temperature 1 260.0 °K
M1 = 2,018.80c/kg
Bq.naa_:i/ ' B P'7/P1 ™7/ PF2/P1 TF2/T1
2,54204 1,2760 2,7060 3.4740 1.9260 1,2650
2,58956 1.2720 2.6520 3.4430 1.9620 1,2810
2.63707 1,2680 2,5800 3.4060 1.9960 1,2985
2.66083 1.2660 2.5300 3.3840 2.0160 1.3080
2.68459 1.2650 2.4700 343590 2.0340 1.3178
2.77834 1.2690 2.3950 343300 2.0520 1.5260
2.73210 12800 2.3000 3.2960 2.0700 1,3400
2.75586 13050 2.1740 542560 2.0880 1.3520
2,767T14 1.5280 2.0900 3.2320 2.0970 1.3580
2.77962 1.3650 1.9800 3.2040 2.1060 1.3650
2.76674 1,4250 1.8700 3.1750 2.1114 1.3700
2,79149 1,6600 " 145450 3.1160 2.1150 1.5721
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SNEChHA
TF 106 - TURBOFAN ENGINE
Maximum R;ted Turiuine Inlet Temperature
Engine inlet temperature : 260.0 %K
M1 = 0,019 aec/kg
bq.fﬂT /o S P'7/P1 T7/™ PF2/P1 TF2/T1
249453 1.2325 2.7340 344820 1.9950 1.2640
2.58956 1.2207 2.6520 3.42iC 2.0710 1.2910
2,66083 1.2090 2.5570 3.5700 2.1280 1.3140
2.68459 1.2050 2.5150 3.3500 2.1470 1.3250
2,70854 1.2015 244630 3,320 2.1060 1.%520
2,75210 1.2000 2.4000 3.3G40 2.1850 1.2420
2.75586 1.2030 2.3170 342740 2,2040 1.3540
2.76774 1.2100 2.2550 542520 242135 1..,600
2,77962 1.2320 2.1430 542200 2,2250 1.,670
2.78674 1,2700 2.0200 . 3.1890 2,20 1.5710
2,79149 1.5750 1.8300 341540 2,2525 1.3740
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SHNICHA
TF 106 - TURBOFAN NGIMNZ
Naximum Rated Turbine Inlet Temperature
Engine inlet temperature s 260.0 ° X
M1 = 0,021 oec/ke
q:i?l /e g P'7/p1 T7/T Pre/pi /T
2.42525 1.1350 2.7150 344640 2.1420 1,950
2.51828 1.1200 2.6710 3.4140 2.2200 1..160
2.58956 . 1.1050 2.67300 52750 2.209¢ 15,0080
2.63707 1.0940 2,5900 343460 2.5510 105440
2.66083 1.0680 2.5700 343510 2.3520 1,340
.2.68459 1.0810 2.5400 3.3150 2.7750 15550
2.70834 1,075 2.5050 342960 2.7940 1.5620
2.73210 1.0625 2.,4600 342740 244150 1,655
2.74398 1,0568 2.4300 342600 2.4255 1.5755
2.75586 1.,0500 2.5850 342400 244360 1.5780
2.77249 1.0375 2.2800 541980 2.4507 1.3845
[ IOTT902 1.0400 . 2000 3.7730 2.4570 T %60
2.78457 1.0575 2.1140 341510 2.4612 1.3905
2.79149 1.2450 1.8800 241000 2.4675 1.3945
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SNECIHA
TF 106 ~ TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature 3 260.0 °K
M1 = 0,025 oec/ ke
Bq?g e p P'7/P1 T7/T PF2/Pi TF2/T1
2,32822 1.0160 2,7200 344515 42540 1.5340
2.42325 1.0010 2.6760 344000 245460 1.5540
2.51828 0.9840 2.6270 3.3500 2.4380 1.3760
2.56580 0,9740 2.5960 543240 2,4840 1,870
2.613531 0.96%0 245600 342965 2,500 14000
2.63707 0.9550 2.5390 3.2820 245530 1.4070
2.66083 0.9460 2.5140 3.2655 2.576C 1.4i40
2.68459 0.9340 2.4860 5.2475 2.54%0 1.4210
2,70834 0.9190 2.4560 342270 2,6220 1.4250
2,73210 0.8970 2.4190 342020 2.6450 144560
. 2.75566 0.8690 2,610 3,1690 2.,6680 1,4420
2.76T74 0.8540 2.5200 541470 2.6790 164450
2,77962 0.836C 2,2520 3, 1180 2.6910 1.4480
2.75149 0.8200 2,1000 5,0760 2.7020 1.4510
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SNECxa
TF 106 = TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Ergine inlet temperature § 26u ° K
L.P., Surge line
eq(.ig: Fa/s p r'7/P1 07/71 PF2/P TR/ T
230447 0.9720 2,780 5.4450 2.2900 1,490
2.57574 0. 660 2.6900 3.4070 2., 5500 1.5670
2.47077 0.9540 2.6470 543600 2.4480 05820
2456560 0.9410 2.5900 3,080 2.5290 1.40620
2.61531 0.9540 2,5550 3.2810 2.5650 1.4120
2.66083 0.9250 2.5100 3.2540 2.6000 1.4220
2,68459 0.9200 2.4810 342380 2.6170 1.4280
2,70834 0.9100 2.4500 3.2220 2,6350 1.4550
2.75210 0.8920 2.4130 3.,2000 2.6520 1.4380
2.75586 0.8660 2.73560 41680 2.6700 1.4440
2.76714 0.8520 2,3190 3,470 | - 2.6800 1.4470
2.77 962 0.8350 2.2600 3.1180 2.6510 1.4490
2,79149 0.8190 2.1600 5.0760 2.7020 1,4520
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SNECNA
TP 105 - TURBUFAN SNGIMNE
Maximm Katod Turbine injet Tempersture
Engine inlet temperature : 268 °K
M1 = 0.017 sec/kg
aT 6 P'7/P1 7/ PF2/P1 TF2/T
8q.ft/"R/eed

2.533100 1.5100 2.2550 3. 1400 1.6690 1.2120
2,575520 1.4400 2.2300 3.1160 1.7000 1.2200
2.425010 1.3820 2.2020 3.0920 1.7330 1.2340
2.446220 1.3620 2.1900 3.0780 1.7500 1.2400
2.467430 1.3500 2.1700 3.0650 1.7670 1.2450
2,516920 1.3350 2.1350 3.0380 1.8000 1.2600
2.562875 1.3300 2.0900 3.0080 1.8350 1.2740
2.613000 1.3300 2.0300 2.9760 1,8700 1.2900
2.658320 1.3300 1.9450 2,9400 1.9030 1.3070
2,707810 1.3300 1.8300 2.8980 1.9370 1.3260
2.729020. 1.3320 1.7450 2.6740 1.9550 1,5370
2, 757300 1.3450 1.6300 2.8300 1.9720 1.3520
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SNECHA
TP 106 - TURBOFAN :NGINE
Maximum Rated Turbine Inlet Temperaturs
Engine inlet temperature s 288.0 °K
M1 = 0.019 sec/kg
a7 I A p*7/P 7/71 PF2/P1 Tr2/T1
8q.ft °R/s|

2.269470 1.4150 2.2550 3.1350 1.8150 1.2280
2.280075 1.3700 2.2340 3.1300 1.8250 1.2300
2,304820 1.3350 2.2320 3.1280 1.8430 1.2520

. 24326030 1.3150 2.2300 3.1060 1.8630 1.2560
2.376934 1.2300 2,2200 3.0860 1.9000 1.2450
2.494296 1.2550 2.1700 3.0260 1.9950 1.2690
2.613000 1.2530 2.0700 2.9600 2.0900 1.2980
2.658320 1.2230 2, 0150 2.9280 2.1300 1.3130
2,707810 1.2100 1.9100 2.8900 2.1680 1.3320
2,729020 1.2080 1.8800 2.8660 2.18%0 1.3420
2.757300 1.2150 1.8000 2.8300 2.2050 1.3540
2.T74975 1.2550 1.6000 2.7000 2.22%0 1.4580




\Do‘l‘l

-20 -

Vol, 3.1
SNECHA
TF 106 -~ TURBOFAN ENCINE
NaximumRated Turbine Inlet Temperature
Engine inlet temperature : 288.0 °K
M1 - 0.021 sec/kg

sq.ftd\il‘%—n/n p P'1/P1 ™7/ Pr2/Pt T#2/T1
2174000 1.3000 2,2150 3.1300 18215 1.2540
2,234120 1.2200 2.2000 3.0990 1.9790 1.2660
2.283610 1.1950 2.1900 3.0780 2.0160 1.2750
2.326030 1.1800 2,1800 3,057 2.0580 1.2800
2.375520 1.1650 2.1670 3.0350 2.1000 1.2880
2.492175 1.1450 2.1150 2.9800 2.2050 1.3100
2.610951 1.1150 2,080 2.9170 2.3100 1.3360
2.659734 1.1000 1.9950 12,8900 2.3520 1.3480
2.707810 1.0800 1.9350 2.8570 2.3940 1.3620
2,729020 1,0650 1.8950 2.8330 2.4150 1.3690
2.753765 1.0470 1.8350 2.7980 2.4360 1.3770
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SNEC H A
TF 106 - TURBOFAN ZNGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature s 288.0 °K
M1 = 0.023 sec/kg

Bq-f‘f}?ﬁ/ﬂ £ P'1/P1 T7/T1 PP2/P 72/
2.06091 1.1850 2.2000 3.1320 1.9950 1.2840
2.08918 1.4200 2.1980 3.1060 2.0230 1.2900
2.13514 1.0900 2.1920 3.0850 20700 1.3000
2.23412 1.0570 |  2.1750 3.0420 | 2.1600 13170
2.32957 1.0350 2.1470 2.9980 2,2530 1.3.50
2.42501 1.0180 2.1070 2.9520 2,3450 1.3540
2.51692 0.9950 2,0550 2.9040 2.4100 1.3760
2.61237 0.9670 1.9900 2.8520 2.5300 1.4000
2.65832 0.9480 1.9420 2.8210 2.5750 1.4120
2.70781 0.9200 1.8700 2.7830 2.6200 1.4270
2.72902 0.9000 1.8150 2.7580 2.6450 1.4340
2.75750 0.8650 1.7400 2.7220 2,6700 1.4440

P T R
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SNECHKA
TF 106 — TURBOFAN ZNGINE

Maximm Rated Turbine Inlet Temperature
Engine inlet temperature : 324.0 ° K

M1 = 0.015 sec/kg

N

0o

.ftd:;;i/ . ) P'7/P1 T7/M PF2/P1 TF2/T1
2.067975 1.7920 1.7020 2.8250 1.3050 1.1680
2.139382 1.7090 1,7090 2.7890 1.3500 1.1780
2,210789 1.6380 1.7080 2.7530 1.3950 1.1880
2.305527 1.5580 1.6930 2,7020 1.4550 1.2000
2.3769%4 1.5110 1.6660 2.6630 1.5000 1.2210
2.448341 1.4T70 1.6190 2.6230 1.5450 1,250
2.543079 1.4500 1.5330 2.5670 1.6050 1,2660
2.614486 1.4470 144450 2.5200 1.6500 1.2910
2.661855 | 1.4570 1.3580 2.4840 1.6800 143080
2.709931 1.4870 1.2360 2.4380 1.7100 1.3280
2.733262 1.5240 1,1470 2,3700 1.7250 1.3390
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SHECRA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature : 524.0 °K
M1 = 0.017 sec/kg
471 A P'7/P1 ™7/7 PF2/P1 TF2/T
8q.ft R/8

1.949199 1.7930 1.7500 2.8770 1.5940 1.1540
2.043937 1.5930 1.7580 2.8310 1.4620 1.1650
2.139382 1.6020 1.7760 2.7850 1.5300 1.1780
2.210789 1.5390 1.T740 2.7490 1.5810 1.1890
2.305527 1,4690 1.7580 2.7000 1.6490 1.2060
2.576934 1.4260 1.7320 2.0620 1.7000 1.2220
2.448541 1.3920 1.6880 2.6230 1.7510 1.2390
2.543079 1.3580 1.6040 2.5670 1.8190 1.2670
2.614486 1.3380 1.5170 2.5170 1.8700 1.2910
2.685893 1.3570 1.3960 2.4540 1.9210 1.5180
2.757300 1.3890 1.1620 2.3560 1.9720 1.3500
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SNECHA
TF 106 - TURBOFAN ENGINE
Maxisum Rated Turbine Inlet Temperature
Engine inlet temperature : 324.0 °K
M1 = 0,019 sec/kg
an B P'7/P1 7/T1 FF2/P1 TF2/T1
8q.ft [oR/s

1.901830 1.5920 1.8070 2.8670 1.5200 1.1590
1.973237 1.5460 1.7970 2.8310 1.5T70 1.1730
2,0679175 1.4860 1.7810 2.7830 1.6530 1.1900
2.159382 1.4430 1,7680 2.7480 1.7100 1.2020
2,210789 1,4040 1.7530 2.7130 1.7670 1.2140
2,305527 1.3540 1,7290 2.6650 1.8430 1.2290
2,376934 143190 1.7070 2.6310 1.9000 1.2400
2.448341 1.2890 1,6790 2,5970 1.9570 1.2530
2,543079 1.2560 1.6310 2.5530 2.0350 1.2750
2,614486 1.2360 1,5650 2.5110 2,0900 1.2950
2.685693 1.,2210 1,4610 2.4580 2.1470 1.3200
2.75T300 1.2120 1.2830 2,3760 242040 1.3510




-5 =

Vol. 3.1
SNECHA
TF 106 ~ TURBOFAN &NGINZ
Maximum Rated Turbine Inlet Temperature
Engine inlet teuperature : 324.0 °K
M1 = 0.021 sec/kg
sq.g?ﬁm [ P'7/P1 T'7/T PF2/1 TF2/T1
1.711647 1.57110 1.8570 2.8930 1.5120 1.1730
1.806758 1.3530 1.8280 2.8460 1.5960 1.1870
1.901830 1.3330 1.7990 2.8010 1.6800 1.2030
2.020606 1.3030 1.7620 2.7430 1.7850 1.2260
2.139382 1.269C 1.7260 2.6680 1.8900 1.25350
2.258156 1.2520 1.6880 2.6330 1.9950 1.2860
2.576934 1.1940 1.6460 2.5810 2.1000 1.5280
2.495710 1.1580 1.6020 2.5270 2.2050 1.3630
2.614486 1.1220 1.5160 2.4620 2.3100 1.3750
2.685893 1.0920 1.4260 2.4140 2.5750 1.3730
2.757300 1.0400 15110 2.3480 2.4360 1.367C




Vol, 3.1
SNECMA
TF 106 - TURBOFAN SHGINZ
FMaximum Rated Turbine Inlet Temperature
Engine inlet temperature : 324 ° K
L. P. Surge line
a™ B P'7/P1 T*7/T1 PF2/P1 TF2/T1
0q.ft /°R/s
1.663571 1.2360 1.8770 2.8790 1.5850 1.1940
1.783054 1,1940 1.8350 2.8130 1.700u 152280
1.9018%0 1.1530 1,7920 2.7490 1.8400 1.¢530
2.020606 1.1150 1.7460 2.6860 1.9900 1.2810
2.139382 1.0740 1.6990 2.6240 2.1300 1.3080
2,258158 1.0380 1.6470 2.5670 2.24L0 143320
2.576934 1.0020 1.5860 2.5060 2.3600 1.3550
2.495710 0.9710 1.5080 2.,4440 2.4600 1.5830
2.614486 0.9430 1.3960 2,790 245600 1.4160




Vol, 3.1
OSNUOSCiuaA
TF 106 - TURBOFAN ENGINS
Maximum Rated Turbine Inlet Temperature
Engine inlet temperauture : 360.0 °K
M1 = 0.017 sec/kg
aT1 ) P'7/P1 ™7/T PF2/P1 TF2/T1
6q.ft./OR/8

1.90059 1.96L0 1.4550 2.5500 1.3600 1.1480
1.99087 1.8000 1.4750 2,5050 1.4246 1.1595
2.04314 1.7260 1.4800 2.4815 1.4620 1.16%5
2.09065 1.6670 1.4805 2.45%0 1.4960 1.1720
2011441 1.6410 1.4795 2.4470 1.5130 1.1750
2.13817 1.6200 1.4760 2.4550 1.5300 1.1784
2.18568 1.5820 1.4635 2.4100 1.5640 1.1861
2.23319 1.5470 1.4450 2.3840 1.5980 1.1942
2.32822 1.4850 1.4005 2.3515 1.6660 1.2122
2439950 1.4370 1.3635 2.2920 1.7170 1.2265
2.42325 1.4200 1.3475 2.2790 1.7340 1.2318
2.47077 1.5940 1.3100 2.2500 1.7680 1.2438
2.51828 1.3775 1.2655 2.221Y 1.8020 1.2565
2.56580 1.3670 1.2155 2.1900 1.8560 1.2710
2,61.31 1.3600 1.1510 2.1550 1.8700 1.2873
2.66083 1.3550 1.0775 2.1175 1.9040 1.5055




at
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Vol. 3.1 - 28 -
SNECMA
TF 106 - TURBOFAN ENGINE
Haximum Rated Turbine Inlet Temperature
Engine inlet temperature : 360.0°°K
T = 0.019 sec/kg
. f:T}a/ . B P'7/P1 T'7/T1 PF2/P1 TF2/T
1.80556 1.7500 1.5600 2.5750 1.4440 1.1480
1.89109 1.6530 1.5230 2.5225 1.5124 1.1640
1.94811 1.5950 1.5040 2.4877 1.5580 1.1740
1.99562 1.5550 1.4870 2.4600 1.5960 1.1828
2.019%8 1.5375 1.4790 2,4470 1.6150 1.1870
2.04514 1.5230 1.4700 2.4345 1.6340 1.1910
2.15817 1.4760 1.4590 2.3900 1.7100 1,2048
2.18568 1.4500 1.4240 2.5680 1.7480 1.2120
2.25695 1.4U75 1.4020 2.3330 1.805u 1,253
2.52822 1.3650 1.3770 2.3000 1.8620 1.2344
2.57574 1.3410 1.3560 2.2780 1.9060 1.2411
2,42525 1.3200 1.3330 2.2956 1.9580 1.2488
2.47074 1,3000 1.3060 2.2510 1.9760 1.2585
2.51828 1.2825 1.2730 2,2050 2.0140 1.2700
2.54204 1.2750 1.2550 2.1900 2.0330 1.2760
2.56580 1.2655 1.2320 2.1750 2,0520 1,2825
2.613%1 1,2500 1.1800 2.1430 2.0900 1.2965
2.65132 1.2400 1.1310 2.1160 2.1204 1.3085




Vol, 3.1 - 29 -
SNECMA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature : 360.0 °K
™M} = 0.021 sec/kg
4Tt e P'7/P1 ™7/T1 PF2/P1 TF2/T1
8q.ft. Y°R/s

1.71053 1.4650 1.6050 2.5600 1..120 1.1670
1.74142 1.4400 1.5380 2.5380 1.5393 1.1750
1.80556 1.4050 1.5490 2.4990 1.5960 1,185
1,85308 1.3820 1.5160 2.4700 1.6380 1.1998
1.90059 1.5620 1.4850 2.4430 1.6800 1.2094
1.94611 1,340 1.46L0 2.4170 1.7220 1.2185
2.01938 1.5515 1.4260 2.3820 1.7850 1.2509
2.09065 1.35110 1.3980 2.5500 1.8480 1.2417
2.15817 1.2950 1.38G0 25500 1.8400 1.2486
2,28071 1.2430 1.5260 2.2630 2,0160 1.2718
2.35198 1.2180 1.2950 2.2250 2.0790 1.2855
2.59950 1,2630 1.2740 2.2085 2.1210 1.2408
2.47077 1.1815 1.2550 2.1775 2.1640 1.3020
2.51628 1.1665 1.2030 2.1540 2.2260 13110
2.56580 i+1500 1.1650 2.1260 2. 2680 1.5219
2,613531 1,13520 1.1230 2.1000 2.3160 1.3535




wow

Vol. 3.1 -3 -
SNECHA
TF 106 - TURBOPAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature : 360.0 °K
M1 = 0.023 sec/kg
dTi B P'7/P1 T7/T1 PF2/Pi TF2/T1
8q.ft./5R/s
1.94811 1.1500 1.4250 2,3600 1.8860 1.2640
2.04514 1.1330 1.3800 2.3130 19780 1.2849
2.09065 1.1250 1.3590 2.2916 2.0240 1.2921
2.16192 1.1110 1.3280 2.2620 2,0930 1.3021
2.25319 1.0980 1.2960 2,2330 2.1620 1.3106
2,28071 1.0900 1.2740 2.2120 2.2080 1.3179
2.52822 1.,0800 1.2500 2.1300 2,2540 1,3265
2.37574 1,0680 1.2250 2.1660 2.35000 1.3562
2.42525 1.0550 1.1940 2,1410 23400 1.3469
2.47077 1.0410 1.1580 2.116U 2.3920 1.3582
2.535254 1.0200 1.1060 2.0820 2.4518 1.3741




Vol, 3.1 -3 -
SNECMa
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature 360.0 °K
L_. P. Surge Line
dT1 B P'7/P1 '7/T1 PF2/P1 TF2/T1
sq.ft./PR/s

1.66302 1.5100 1.62.0 2,6000 1.4700 1.1540
1.71053 1.4100 1.5750 2.5430 1.5390 1.1760
1.75805 1.3200 1.5400 2.4970 1.6040 1.1980
1.80556 1.2500 1.5180 2.4570 1.6790 1.2180
1.85308 1.2050 1.4860 2.4210 1.7490 1.2370
1.90059 1.1740 1.4550 2.3900 1.8190 1.2540
1.99562 1.1250 1.3970 2.3300 1.9460 1.2830
2.09055 1.0870 1.3480 2.2800 2.0580 1.7050
2,18558 1,0560 1.3050 2.2330 21640 1.5220
2.,28071 1.0300 1,2540 2.1880 2.,2660 1.3400
2.35198 1.0140 1.2110 2.1540 2.3410 1.3550
2.42325 0.9970 1.1610 2.1180 2.4160 1.3700
2.49928 0.9780 1.1000 2.0780 2.4930 1.3880




Vol. 3.1 -32 -

SNECKA

TF 106 - TURBOFAN ENGINE

Maximm Rated Turbine Inlet Teamperature
Engine inlet temperature : 389.7 °K

Fan choks region

4t p P'7/P1 T7/M PF2/P1 TF2/T1
8q.ft /SR/n
1.760430 2,2250 - 1.2250 2.3750 1.1100 1.1260- |
1.901830 2,0600 1.2000 2.3050 1.2000 1.1450
2.139382 1.8000 1.1380 2.1820 1.3500 1.1800
2.305527 1.6350 1.0850 2.0910 1.1250 1.2070
2.5769%4 . 1.5900 1.0500 2,0500 1.4700 1.2210
2.425010 1.5600 1.0200 2.0200 1.5100 1.2520
2.470965 1.5450 0.9750 1.9920 1.5500 1.2440
2.519041 1,5300 0.9220 1.9620 1,590 1.2570
2.566410 1.5250 0.8550 1.9300 1.6200 1.2720
26371110 |  1.5200 0.7250 1.8750 1,6650 1.2960




v010 3.1

SNECHMA

TF 106 - TURBOFAN SNGINE

Maximum Rated' Turbine Inlet Tempersture
Engine inlet temperature 3 389.7 °K

M1 = 0.017 sec/kg

- 53

dT1 @ P'7/P1 T'7/T4 PF2/P1 TF2/T
8q.ft /°R/s

1.663571 2.1280 1.2690 2.4110 1.1500 1.1220
1.850425 1.9730 1.2520 2.3330 1.3090 1.1390
1.973237 1.8380 1.2300 2.2620 1.4110 1.1560
2.139382 1,6870 1.1900 2.1770 1.5300 1.1800
2.305527 1.5410 1.1280 2.0920 1.6490 1.2070
2.376934 1.4890 1.0800 2.0550 1.7000 1.2210
2.448341 1.4450 1.0320 2.0130 1.7510 1.2360
2.543079 1.4020 0.9390 1.9490 1.8190 1.2610
2.614486 1.3810 0.8540 1.8980 1.8700 1.2840




13
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Vol, 5.1 S 34 ~
SNECHMA
TP 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature s 389.7 °K
M1 = 0.019 sec/kg
AN A P'7/P1 T'7/T PF2/P1 TF2/T1
8q.ft [°R/8 ,
1.615500 1.08700 1.5700 2.4200 |  1.2920 1.1140
1.783054 1.7500 1.3100 2.3200 1.4250 1.14%0
1.901830 1.6700 1.2600 2.2550 1.5200 1.1640
2.020606 1.5900 1.2100 2.1920 1.6150 1.1850
2.139382 1.5150 1.1600 2.1350 1.7100 1.2060
2.258158 1.4400 1.1100 2.0800 1.8050 1.2260
2.376934 1.3800 |  1.0500 2.0250 1.9000 1.2460
2.448343 1.3450 1.0100 1.9900 1.9570 1.2570
2.543079 |  1.3100 0.9320 1.9320 2.0530 1.2760
2,637110 1.2900 0.8250 1.8750 2,1090 1.3020




Vol, 3.1 -35-

SNECHA

TP 106 - TURBOPAN ENGINE

Maximm Rated Turbine Inlet Temperature
Engine inlet temperature s 389.7 °K

M1 =0,021 sec/kg

aq.f:l}‘_ /e R P7/P1 /M PF2/P1 m/@
1.569540 1,5700 1.3900 2.3850 1.3860 1.1360
1,663571 15050 1,3350 2,3200 1.4700 1.1590
1.783054 1,450 1.2700 2,2500 1.5750 11860
1.901830 14000 1,2050 2,1850 1.6800 12080
2.020606 1:3650 1.1450 2.1250 1.7850 1.2280
2.139582 13350 1.0870 2,0700 1.8300 1.2470
2.258158 1.2950 1.0300 2,0200 1.9950 1.2640
2.376934 1.2500 0.9650 1.9650 2.1000 1.2820
2.495710 1,2100 0.8850 1.9050 2.2050 13060
2,543079 1.1900 0.8500 1.,8800 2.2470 1:3160




Vol. 301 =) 36 =
SNECHA
TF 106 - TURBOWAN BNGINGS
Maximum Rated Turoine Inlet Temperature
Engine inlet temperature : 389.7 °K
M1 = 0,025 sec/kg
T P P'7/P1 /T PF2/P1 TF2/T
8q.ft J°R/s
2.139582 1.1400 1,0430 2.0200 2.0700 1.3000
2.258158 1.1150 0.9700 1.9650 2.1850 1.3260
2,376934 1.0850 0.8850 1.9050 2,3000 1.3400
2.425010 1.07200 0.8500 1.8800 2.5460 1.2470




at
169

Vol. 3.1
SNSCLA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature i 420 °K
™M1 = 0.017 sec/kg
aT A P'7/P1 T'7/T1 PF2/P1 TF/T1
0q.ft.R/s
1615503 2,2800 1.3500 2,5130 1.1560 1.0700
1.6€3018 2.2220 1.3020 2.2750 1.1900 1.0840
1.758047 2.1060 1.2160 2.1980 1.2560 1.1100
1.829320 2.0200 1.1600 2.1440 1.2090 1.1270
1.900592 1.9260 1.1100 2.0950 1.3600 1.1420
1.971864 1.8550 1.0670 2.0480 1.4110 1.1560
1.995621 1.8300 1.0575 2,0350 1.42680 1.1000
2.090651 1.7250 1.0370 2,0090 1.4960 1.1720
2,158166 | 1.6800 1.0225 1.9650 1.53060 1.1770
2. 185681 1.6400 1.0000 1.9290 145640 1.1840
2.268832 1.5800 0.9950 1.83%0 1.6235 1.1990




Vol. 3.1 - 38 -
SNBECEA
TP 106 - TURBOPAN ENGINE
Maximm Rated Turbine Inlet Temperature
Ebgine inlet temperature s 420 °K
M1 = 0.019 sec/kg
dT g P'7/P1 /T4 PF2/P1 TF2/T1
8q.0t./*R/s
1.508595 2.0400 1.3500 2.3150 1.2065 1.0820
1.591746 1,4500 1.2870 2.2530 1.2750 1.1000
1.710553 1.8330 1.2050 2.1680 1.3680 1.1255
1,781805 1.7670 1.1600 2.1200 1.4250 1.1400
1.855077 1.7069 1.1150 2.0740 1.4820 141547
1.948107 1.6360 1.0650 2.0160 1.5580 1.1730
2.043136 1.5730 1,0210 1.9640 1.6340 1.1900
2.138166 1.5200 0.9750 1.9190 1.7100 12050
2.202311 1.4900 0.9400 1.8880 1.7615 11,2130




il = had

e oo o ks YRR et =

v°10 3.1 ., 39 =
SNECHMA
TF 106 - TURBOFAN ENGINE
Haximum Rated Turbine Inlet Temperature
Engine inlet temperature : 420.0 °K
™ = 0.021 sec/ke
aT p P'7/P1 ™7/ PF2/P1 TF2/T1
9q. ft.FR-/

1.420692 1.7800 1.5500 2.2980 1.2558 1.03850
1.472960 1.7190 1.5100 2.2570 1.5020 1.1080
1.544231 1.5410 1.2600 2.2040 1.5650 1.1250
1.61-503 1.5740 1.2115 2.1540 1.4280 1.1425
1.6867T5 |  1.5170 1.1670 2.1050 1.4910 11660
1.734290 1.4860 1.1565 2.0750 1.9530 1.1710
1.853077 1.490 1.0650 2.0010 1.6380 1.1975
1.948107 1.4040 1,0080 1.9500 17220 1.2160
2.019379 1.3800 0.9680 1.9140 1.7850 1.2285
2.097T78 1.3600 0.9240 1.8750 1.854% 1.2400




Yol, 3.1 - AC -
SNECHA
TF 106 - TURBOFAN ENGINE
haximum Rated Turbine Inlet Temperature
Engine inlet temperature i 420.0 °K
L. P. SURGE LINE
dT1 A P'7/P? ™7/M™M PF2/P1 TF/T1
oq.ft.g'a-ﬁ'/a

1.401687 1,7550 1.3500 2,5100 1.2750 1.0915
1.472960 1.6250 1.2980 2.2350 1.3500 1.1192
1.544251 1.5100 1.24:0 2.1670 1.4250 1.1461
1.615503 1.4100 1.1900 2.1050 1.505(, 1.1720
1.663018 1.3500 1.1520 2.0680 1,560 1.1€90
1.754290 1.5080 1.0925 2,0170 1.0450 1.2120
1.781805 1.2630 1.0530 1.9860 1.7050 1.2250
1.676835 1.2340 |  0.9910 1.9290 1.8200 1.2460
1.955234 1.1950 0.9490 1.8850 1.9100 1.2615




- 41 -

Voli. 3.1
SNECKA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
ingine inlet temperature : 450.0 °K
M1 = 0.015 sec/ke

| aT1 P s P'7/P1 M7/T PF2/P1 TF2/T1

oq.ft.[%R/s
2,092720 1.9150 0.7600 1.7870 1.3200 1.1750
24158675 1.8650 0.7600 1.7600 1.3500 1.1830
2.184630 1.8100 0.7550 1.7520 1,380 1.1500
24254120 1.7650 0.,7050 1.7120 410 1.1980
2,280075 1.7200 0.6600 1.6800 1.4400 1.2060
24229565 1.6800 0.6440 1,640 1.4700 1.2140
2.575520 1.6450 0.6120 1.03500 1.5060 1.2235
2.421475 1.6100 0.5700 1.6040 1,500 142530
2.470965 1.58,0 0.5250 1.5620 145600 1.2455
2.519041 1.5500 0.4650 1.5600 1,59G0 1.2550




vo w

Vol. 3.1 - 42 -
SNECHA
TP 106 ~ TURBOFAN ENGINE
Maximm Rated Turbine Inlet Temperature
Engine inlet temperature : 450.0 °K
M} = 0.017 sec/kg

sq.f:?l/ﬁ/ . B F7/P1 ™7/M PF2/P1 TF2/T1
1,578650 2,5050 1.2900 22400 0.9860 1.0440
1.544795 2,2500 1.1850 2.1450 1.1050 1.0680
1.661450 2.1900 1.1080 20700 11500 1.0875
1.781640 21000 1.0250 1.9900 1.2750 1.1110
1.896295 1.9700 049400 1.9050 1.3600 141360
1.993740 1.8630 €.8850 1.8420 1.4280 1.1550
2,089185 1.7750 0.€370 1.7950 1.4960 1.1680
2.184630 1.6950 0.7900 1.7450 1.5640 1,1825
2.280075 1.6470 0.7300 1.6920 1,6520 1.1980
2.375520 1,550 0.6500 1.6400 1,7000 1.2160
2.423250 1.5250 0.6000 1.6170 1.7540 1,2260
2.4674% | 1,500 045400 1.5930 1,7650 1.2570




Lo

Vol. 3.1 - 43 -
SN2CHA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
ungine inlet temperature : 450.C °K
M1 = 0.019 sec/kg
am e P*7/P1 T*7/T1 PF2/P1 TF2/T:
8q.{t. M/s

1.211091 2,1900 1.3570 2.5200 0.9690 1.0260
1.306536 2.1400 1.2970 2.2520 1.0450 1.€440
1,424605 2.0700 1,2200 2.1650 1,1400 1.0680
1.544795 1.9900 1.1420 2.0820 1.2550 1.0910
1.661450 1.9000 1.0570 2,0000 1,350 1.1150
1.760430 1.8200 0.9900 1.9560 1,4050 1.1350
1,802850 1.7820 0.9520 1.9150 1.4440 1.1450
1.896295 1.7120 0.8950 1.8500 1.5200 1.1630
1.993740 1.6550 0.8400 1.7920 1.5950 1.1800
2.089185 1.6050 0.7820 1.7470 1.6700 1.1955
2.184630 1.5500 0.7250 1.6990 1.7470 1.2050
2,280075 1,4980 ".6680 1.6520 1,8240 1.2260
2,394740 1.4300 0.6000 1.5970 1,9200 1.2490




Vol. 3.1

SNECHNA
TP 106 - TURBOFAN ENGINE
Maximum Rated Turdbine Inlet Temperature
Engine inlet temperature : 450.0 °K
M) = 0,021 sec/kg
aq.ft?T\}"’_ He @ F'7/P1 T7/T1 PF2/P1 TP2/T1
1.140591 <. :0 1.3800 2.3380 1.0080 1.0220
1.306536 1.9000 1,2550 2.1900 1.1550 1.0660
1.424605 1. 7700 1.1-&)0 2.0930 “«zn00 1.0970
1.544795 1.6400 1.0800 2.0050 1.3650 1.1260
1.061450 1.5450 0.9920 1.9200 1.4710 1.1540
1.760430 1.5100 0.9260 1.8620 1.5550 1.1750
1.802850 1.5020 0.8900 1.8350 1.5960 1.1850
1.852340 1.4930 0.8570 1.8050 1.6380 1.1950
1.898295 1,4800 0.8250 1.7800 1.6600 1.2050
1.993740 1.4450 0.7620 1.7290 1.7650 1.2225
2.089185 1.4120 0.7000 1,6810 1.8500 1.2390
2.184630 1.3800 0.6450 1.6360 1.9520 1.2535
2,315425 1.3370 0.5750 1.5830 2.0450 1.2690




Vol. 3.1 -45 -
SNBEBCHKA
TF 106 - TURBCFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature : 450.0 °%K
M1 = 0,023 sec/kg
aT1 £) P'7/P 7/T PF2/P1 TFS/T
'-8q.fto ﬁi/ﬁ
1.068984 1.9350 1.4050 2:.3570 1.0550 1.0195
1.187760 1.7450 1.3000 2.2350 1.1500 1.0570
1.306536 1.5800 1.2080 2.1200 1.2650 1.0950
1.424605 1.4500 1.1160 2.0200 1.3800 1.1510
1.544795 1.3800 1.,0300 1.9400 1.4950 1.15600




at
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Vol, 3.1

- 46 -
SNECHA
TP 106 - TURBOFAN ENGIME
Maximm Rated Turbine Inlet Temperature
Engine inlet temperature : 450.0 9K
™M) = 0.025 sec/kg
dT [ P7/P1 7/ PF2/P1 TF2/11
Bq-tto W‘
0.9575T7 1.7800 1.4050 2.3680 1.0510 1.0240
1.092315 1.5800 1.3250 2425350 1.150W0 1.0570
1.177862 1.4080 1.2550 2.1550 1.2400 1.,u890
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SNECHKA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature : 450.0 °K
L. P. Surge Line ~

. fff‘»/ﬁ/ ! @ P'7/P1 '7/™ PP2/P1 m2/T
0.950208 1,3500 1,3400 2,27150 1.1360 1.0590
1.0685684 1.3900 1.3000 2.2150 1.1900 1.0730
1.187760 1.4050 1.2500 21500 |- 1.2450 1.0910
1.306536 1.4100 1.1900 2.0800 1.3150 1.1120
1.424605 1.4000 1.1150 |  2.0100 1.3860 1.1350
1.544795 1.3800 1.0300 1.9360 1.4820 1.1600

| 1.661450 1.3500 0.9340 - 1.8650 1.5830 1.1893
1,7604 50 1.3180 0.8810 1.8090 1.6650 1.2107
1.852340 1.2740 0.8060 1.7500 1,7550 1.2358
1.947785 1,2400 0.7280 1.6890 1.8450 1.2619
1.993740 1.2240 0.6940 1.6630 1.8900 1.2123
2.043230 1.2150 0.6590 1.6410 1.9350 1.2806
2.089185 1.2180 0.6270 1.6210 1.9800 1,2875
2.138160 1.2280 0.5950 1.6020 |  2.0250 11,2928
2.184630 1.2450 10,5600 1.5840 2.0800 1.2980



Vol. }0‘
SNECNA
TP 106 - TURBOFAN BNGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature : 550.0°K
T = 0.017 sec/kg
aM Y P'"1/P1 ™7/T1 PF2/P1 /™
oq.ft.ﬁ/s
1.335041 2.6700 1.1000 1.8550 0.9520 1.0230
1.42544 2.5900 1.0000 1.7800 1.0200 1.0410
1.52047 2.5050 0.9000 1.7070 1.0890 1.0590
1.59174 2.4350 0.8300 1.6550 1.1390 1.0720
1.66302 2.3600 0.7650 1.605C 1.1900 1.0860
1.73429 2.2800 0.7000 1.5550 1.2400 1.1000
1.80556 2.2000 0.6400 1.5050 1.2910 1.1140
1.87683 2.1180 0.5850 . 1.4520 1.5320 1.1280
1.'4810 12,0300 0.5350 1.4000 1.3930 1.1420
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SNECMA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Bngine inlet teaperature s 550.0 °K
M1 = 0.019 sec/kg
dT1 P'7/P1 /T PF2/P1 TF2/T
Bq.ft.ﬁ/a P
1.21162 2.56L0 1.1050 1.90,0 - 0.969%0 1.0170
1.30665 2.4500 1.0070 1.8050 1.0460 1.0390
1.57793 2.3600 0.9400 1.7480 1.1010 1.0540
1.47296 2.2400 0.8550 1.6710 1.1790 1.0740
1.56799 2.1250 0.7700 1.5980 1.25%0 1.0940
1.66302 2,000 0.6900 1.5280 1.33500 1.1130
1.75804 1.9400 0.6170 1.4630 1.4060 1.1520
1.85307 1.8600 0.5550 1.4050 1.4810 1.1500
1.52435 1.8000 0.5150 1.3700 1.5390 1.1630
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SNRCKA
TF 106 ~ TURBOPAK ENCINZ
Maximun Rated Turbine Inlet Temperature
Engine inlet temperature : 550.0 °K
1 = 0.021 sec/kg
|

aq.f:?h/ ! @ P'7/P1 T'7/T1 PF2/P1 TP2/T1
1.14035 2.5500 1.1250 1,9050 1.0080 1.0180
1.21162 2.3200 1.0300 1.8200 1.0710 1.0590
1.23538 2.2550 1.0050 1.7950 1.0920 1.0460
1.28290 2.1500 0.9540 1,750 | 1.1330 1.0600
1.33041 2.0600 0.9040 1.7070 1.1760 1.0720
1.5T193 1.9850 0.8550 1.6650 1.2180 1.0630
1.42544 1.9200 0.8100 1.6260 1.2600 1.0940
1.47296 1.8650 0.7700 1.5900 1.3010 11050 |
1.52047 1.8200 0.7280 1.5500 1.3430 1.1160
1.59174 1.7550 0.6700 1.4950 1.4080 1.1310
1.686T7 1.6850 0.6000 1.4350 1.4910 1.1510
1.78180 1.6230 0.5420 1.3900 1.5750 1.1690
1.90059 1.5600 0.4850 1.3400 1.6800 1.1910
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SNECHA
TP 106 - TURBOPAN ENGINE

Maximum Rated Turbine Inlet Temperature
Engine inlet temperature i 550.0 °K

M1 = 0.025 sec/kg

-5 -

am e P'1/P1 /71 PP2/P1 TF2/T
aq.tt.FR/a

1.02157 2.8000. 1.2100 2.0100 0.9890 1.0070
1.06908 2.5000 1.1400 1.9370 1.0540 1.0210
1.11660 2,2200 1.0700 1.8680 1.0810 1.C370
1.14035 2.1000 1.0400 1.8350 1.1030 1.0445
1.16411 2,0050 1.0100 1.8050 1.1280 1.0520
1.18787 1.9300 0.9800 1.7750 1.1500 1.0595
1.21162 1.8600 0.9550 1.7480 1.1720 1.0670
1.23538 1.8000 0.9280 1.7220 1.1970 1.0740
1.25914 1.7600 0.9000 1.6970 1.2190 1.0810
1.28290 1.7200 0.8760 1.6750 1.2410 1.0680
153041 1.6600 0.8280 1.6320 1.2890 1.1020
1.40108 15800 0.7600 |  1.5720 1.3580 1.1215
1.47296 1.5200 0.6950 1.5150 1.4270 1.1400
1.53948 1.4700 0.6400 1.4650 1.4900 1.15‘{0
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SNECNA
TF 106 - TURSOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet temperature : 550.0 °K
M1 = 0.025 sec/kg

aT @ P'7/P1 7/T1 PF2/P1 TF2/T1

sq. ftJ{oR/3
0.95029 2,6000 1.1950 2.0100 1.0000 1.0110
€.99781 2,500 1.1240 1.9500 1.0500 1.0260
1.04532 2.0300 1.06L0 1.8580 1. 1000 1.0410
1.092684 1.8030 1.0030 1.7950 1.1500 1.0560
1.11660 1. 7100 0.9750 1.7050 1.1750 1,0640
1.14059 1.6400 0.9450 1.7400 1.2000 1.0710
1.17361 1.5600 0.9050 1.7050 1.2320 1.0810
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SNECHKA

TF 106 - TURBOFAN :NGINE

Maxipum Rated Tu~bine Inlet Temperature
Engine inlet temperature : 550.0 °K

M1 = 0.027 sec/kg

sq‘d'g ey ) P'1/P1 7/ PF2/P1 TF2/™M
0.90278 2.4000 1.1650 2.0000 1.0260 1.0190
0.95029 2.0400 1.0950 1.9100 1.0800 1.0345
0.99761 1.7500 1.03W 1.8300 1.133%0 1.0500
1.03107 1.5900 0.9900 1.7800 1.1700 1.0610
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S NECMA
TF 106 - TURBOFAN ENGINE
Maximum Rated Turbine Inlet Temperature
Engine inlet tempecrature : 550.0 °K
L. P. Surge Line
4T ( P*7/P1 T7/T rre/Fi PR/
sq. ft./°R/d
0.95029 1.5990 10510 | 1.8155 11520 1.0959
0.99781 1.5920 1.0070 1.7966 1.1630 1.0575 | (
1.045352 1.5850 0.9825 1.7750 1.1770 1,067
1.11660 1.5720 0.94i0 1.7580 1.2000 1.04.
1.25914 1.539C 0.8500 1.6545 1.2850 1.0905
1.55041 1.5200 0.8000 1.6080 143,50 1.1110
1.42544 1.4950 0.7290 1.5445 1.4070 1.1015
1.956799 1.4610 0.6190 1.4415 1.51€0 1.1643
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SUMMARY

In this note, we state tho numorical values of the various
coefficients and functions which establish the efficiency of
the various sections of the turbofan-ramjet combinntion engine
built around the SNECMA TF 10% turbofan. In particular we
atate 1

A et B =

hadih

- the air inlet pressure recovery

- the head losces in the ramjet duct opening into the
flow mixer

~ the head losses in the mixer-diffuser assembly

- the ratio of air bleed for ancillarics

- the kerosene heating value

- the geometrical coefficients and flow coefficients of
the pilot burner

~ the flame nolders drag coefficients of tne primary and
annular combustion systems

- the combustion efficiencies

- the exit rogzle coefficients for each nozzle configuration

We specify, when necessary, the limits adopted for the

various parameters.

Finally, we give the numerical values of the various basic

cross-psectiorial areas ot the combination engine.
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Vol. 3,2

CONTEWNTS

1 - INT<ODUCTION

2 - AIR INLET TOTAL FilESGURE RECOVERY

3 « HEAD LOGGES IN THE Ral DUCT

4 - HEAD LOGGES IN THE FLOW MIXER-DIFrUSmit ASSGEnBLY

4.1 = Pure turbofan operating mode
4.2 - Pure ramjet operating mode
4.3 - Mixed flows operating mode

5 - AIR BLEED FOR ANCILLARIES
6 - COMBUSTION CRAMBER

6.1 - Kerosene lower heating value
6.2 - Annular combustion system

6.2.1 = Flow coofficient, A
6.2,2 - Geometrical coefficient, K

6.3 - Flame holders drag coefficients
6.4 - Combustion efficiency

6.4, ~ Primary combustion system
6.4.2 - Annular combustion system

6.4.2.1 - Haximum elficiency
6.4.2.2 - Variation with equivalence ratio
6.4.2.3 ~ Maximum burned equivalence ratio

7 - EXIT NOZZLE

7.1 - Maximum convergence ratio
7.2 - Sixrple-convergent configuration
7.3 - Convergent-divergent configuration

8 - GEOMETRICAL DATA
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Fig.

Pig. 2
Fig. 3

LIST OF FIGURES

Alr inlst prcssure recovery

flead losses in the diffuser

Flame holder drag coefficisents of the primary

and anmilar combustion systems

Annular combustion system - maximum combustion efficiency
Annular combustion systom - combustion efficiency in
terms of ejquivalence ratio.
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SYABOLS
Superscripts
! indicates turbofan primary flow parameters
" indicates annulsr flow parameters
Subscripts
R ramjet f{low
T turbofan total flow, or turbofan regarded as a whole
F turbofan secondary flow
) annular flow passing through the pilot burner of the
annular combustion cystenm
(c annular flow passing round the pilot burner
B combination engine combustion chamber
0 is characteristic of the upstream infinite
Numerical subscripts refer to various stations as shown in the
diagram below ¢
1 @ 6 4
?p Pilot burner
| Ram g —
ue /‘1
| : | I <' v ’
| F " e — I 1
hemmenes g N --- Comlustion
|
| TURBOFAN a < chamber
!
I' <
= S - LG -
“lw niver Diffur.. > Combustion
system

S

Py

e e Sten

4
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Vol. 3.2 N BI=
Goneral symbols
A Area of a cross-gection
AP Turbofan secondary exit cross-sectional area
P Total pressure
P Static pressure
T Total temperaturs
M Mach number
¥ Isentropic coefficient
D Air flow
Dp Bleed air flow
14 Air bleed coafficient nDp / p"
A Pilot burmer 1 .cefficient = D", / "
K Pilot burner geonietrical coefficient = A" / A" 4
T Flame holders drag cceft.cient
n 'B Combustion efficiency of the primary afterburner
?"B Coubustion officiency of the annular cormbustion system
r"Bb Burned cquivalence ratio in the annular combustion system
Iy, opt Burned equivalence ratio corresponding to maximum
efficiency of the annular combustion system
J
o opt Bumed equivalence ratio corresponding to waximum
efficiency of the pilot burmer
b g Exit norzle coetYicient
" 4 Diffuser isentropic efficiency

Sarallisis




In thie note, we bring together the numerical values of
the various coefficients and furctions which establish the
officiengies of the various parts of the turbofan-ramjet
ergine built around the SNECMA TF 106 turbofan. We also
give the numerical values of the combination engine basic

"he engine performance .haracteristics are calculated
with - total preosuro recovery law P, y P (Mo) !

- in supersonic flight, we have adopted tha figures of the

_ - 1.35
P, / P =1~ 0.075 (no -1)

The enginoe regulation is designed so that tho air inlet

operates at its maximum pressure recovery ratio for all normal

Fig. 1 iliustrates the law adepted for suporsonic flight.

W v v
Vol, 3.2
1 - INTI0DUCTION
cross section arees,
1
2 - AIR INLET TOTAL PRESSURE RECOVERY
- in subgsonic flight F,/ Po=]
US SPECIFICATION MIL-E-5008 B
i
4ilization ratings of the powerpl-nt.
g
3

The influence of this ratio P, / Po on the performance

characteristics is explained i{n Vol. i - SPECIFICATIONS AND
PERFORMANCE.

3 - HEAD LOSSES IN THE RAM DUCT
s T

The calculetion program makes provisions for the introduction
of head losses in the ram duct opening out into the mixer.

.oo/oo
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The tests carried out under cover of the previous contract

AF 61 (052)-670 concerning the interaction of the ramjet

and turbofan flows at the engine inlet, have enabled us to
define an inlet contour for the turbofan which gives entire
satisfaction at all operaving modes, in particular for the
pure turbefan operating mode (the ram duct being shut off)

and for the pure ramjet operation (the turbofan being stopped).
See Vol. 4 of contract AF 61 (052)-670 : INLET FLOW STUDIES,

Considering these test results, we have chosen a pressure

ratio Pp, / P, equal to ! for all the calculations.

4 - HEAD LOSSES IN THE FLOW MIXER-DIFFUSER ASSEMBLY
e = —— -~ =3

The mixture characteristics of the secondary and ramjet
flows are calculated in the program with the assumption that
the mixing takes place inside a constant-cross-section chamber }
a diffuser follows in which the flow velocity slows down to
a valus acceptable for the annular combustion system. The head
losses in the diffuser can theorctically be characterized by
a diffuser efficiency, N a? such that 3

-
Y. -1 Y, - 1
Pt d 73 3
==l =
pr Yo = 1
3 1+ —2'-—-14"2
73 >

The tests on the mixer-diffuser nssembly, married out
under cover of the previous contract AF 61 (052)-670, were

coofve

ek et
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analyzed with adopting the calculation diagram of the calculation
program 3 from these tests, we have deduced total pressure

losses in the diffuser, P" 4 // P"3 which include not only the
losses dus to the diffuser alone but also those dus to the

L ‘e

Such a presentation permits easy access of the losses
attributable to the mixer~diffuser assembly into the calculation
program. See Vol. 5 of Contract AF 61 (052)-670 1 FLOW MIXER
STUDIES,

These tesats also covered the pure ramjet and pure
turbofan operating modes.

The laws of head losses P" 4 / P"3 in the diffuser were
then determined with regard to these test results.

4.1 - Pure turbofun operating mode

We have adopted the test results. The diffuser
head losses, O P, , are given in terns of the Mach
number, "P » of the secondary flow in the secondary
exit cross-section of the turbofan, A, (see Pig., 53
of Vol. 5 of the previous contract).

M 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 | 0.8 0.9 1

1 0.997 | 0.993 |0.988 | 0.982 ]|0.975.]0.966 | 0.956 | 0.543 | 0.926 | 0.904

This law corresponds to a diffuser isentropic efficiency
close to 0.89,

cosfes

PO
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P" : .
-1;-,7‘1 1 0.9995{0.9975{0.994% 0.9%4 0.9855; 0.979i 0.973| 0.965|0.957 0.9‘6’

Vol. 3.2 - 10 .

4.2 - Pure rqmlet operating mode

We have adopted the test results. The law of head
losses corresponds toa diffuser isentropic efficiency
equal to 0.91, the Mach number at the mixer throat ll"3
being taken as parameter (sco para. 6.2.3 of Vol. 5 of
the previous contract).’

K" 0 0.1 0.2 0.3 0.4 | 0.5 0.6

0.71 0.8 10911 I

It should be noticed that the duct, in the pure
turbofan configuration, is more distorted, in the
vicinity of the turbcfan secondary exit, than that
of the pure ramjet configuration § this can Justify
vhy the isentropic efficiency of the diffuser is
better in the pure ramjet configuration than
in the pure turbofan configuration.

4.3 - Mixed ) lows operating mode

The research works performed by Nord-Aviation about
the flow mixer system have shown the possibility of mixing,
over a short distance, two annular and concentric flows.
But the results obtained at the completion of this study
have shown that the mixture obtained is too energetic
(see para. 6.5.3 of Vol. 5 of the previous contract). This
systen remains to be optimized by a couvenient choice of
the chape, orientation, length, andi number of the flap:
in the staggered flap type flow mixer.

we have adopted the following law, with Mach number

M"3 at the mixer throat being a parameter i

Y

r-
. _.A./.__..‘ln—-—q-—h‘h v ———t e M e
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Vol. 3.2
M"3 0 0.1 0.2 0.3 0.4 0.5J 0.6 0.7 } 0.8 0,9 ‘ ] ]
= i
P4l |o.997] o.992lo.9eslo.980 Io-.97o o.958|o.944]o.925lo.%zﬁavzl
Pll
3

On Mg. 2 we show the three laws 19"4/1”'3 adopted for the
caloulations ¢. the combination eagine cycle and performance
characteristics.

5 - AIR BLEED FOR THE ANCILLARIES

The calculation program mskes provisions for air bleed in the
diffuser following the mixer, for powering the ancillarics. The bleed
air flow D . is defined by coefficient p = D, /D"

All the calculi:ions were carried out witn p = 0

6 - COMBUSTION CHAKB@

The combuat’ 1-em makes it possible to inject fuel into the
annular flow, and . vrimary tlow delivered by the turbofan.
The annular combus: .. /. u was des:gned so as to permit flights

with vory lean equivalence ratios, the primary system being used
for acceleration flights.

6.1 - Kexros lower heating value

The lower heating value of kerosene is set equal to
18,630 BTU/1b.

6.2 - Annular combustion system

Part of the annular air flow is trpped by the pilot burner,
80 as to permit combuecions at very lean, overall equivalence ratios;
external fuel injectors make it possible to enrich the air surrounding

the pilot burner.

esof v
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6.201 s

6-2.2 (2

Plow coefficient, A

The flow coefficient A determines the proportion of
anm:lar air flow tapped by the pilot burner :

A = D"H/D"

Measurements made on the combu.tion system test model
at Les GAtines have enabled . to calculate this
coefficient. Its obtained average valus has been
adopted for all the calculatior®s of performance
characteristics 1

a: 0012
Geouetrical coefficiont, K

The geometrical coefficient makes it possible to
define the passage cross section area of the

annmular flow passing round the pilot burmer, in
section 7. The adopted value corresponis to the
definition of the annular combustion system test

model 3
K = 0.58

6.3 - Flape holders draz opeffigients

The combustion systems cause a drag which results in
a head loss and is equal to @

\
s TPAN g

in which

- v is a dreg coefficient, fuiction of Mach number M.

~ p and M are the static pressure and the Mach number which
would exist ahead of the combustion systems if the latter
were placed in section 2.

<ofae
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- A 18 the cylindrical cross section area of the flows :
For the primary flow Ao A'7

o " " ]
For the annular flow AmA 7 = A TH + A'7c

Since the flams holders in the primary flow are more
pervious than those in the anmular flow, we have adopted
two different laws, 1 ° (w,,) and T" (m'7), for each of
these two flows.

The laws adopted for the performance charactoristics

calculations are those adopted in the previous contract

AF 61 (052)=67¢ t TURBOFAN RAMJET ENGINE 3TUDIES, since

the analyses of the combustion tests have not progressed
sufficiently for adopting the values obtained on the models.

On Mg. 3 we give the law T'(M'7)

For coefficient 7T " we have adopted the constant

value T " = 2, since M",, is‘always low.

Thogso values werc derived from data issuing from
flight tests on the GRIFFON and bench teats on ramjet-
powered missile of Nord-Aviation.

6.4 - Combustion efficiency
6.4.1 - 2rimary combuption system

¥o have adopted for the primary flow rehoating system
a constant combustion efficiency 3

O'B = 0.%

Soef o
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6.4.2 - Annular combustion system

¥W: have adopted a very flexible, general law in
which the combustion efficiency is a function of
the total temperature 'I"‘3 at the combustion chamber
inlet, of the total pressure P" 4 and of the burmed
equivalence ratio r"Bb « The coefficients of these
equations were determined part]‘y':ln function of

the results of combustion tests on the annular systenm,

obtained at the time when the performance character-
istics calculations wsre undertaken, and partly in
function of the experience gained by Nord-Aviation
on combustion efficiencies inside the combustion
chambers of ramjets and of the GRIFFON aircraft
powered by a turbo-ramjet combination engine.

Thuy combustion system can operate on two ratings

- for low equivalonce ratios,the fuel is injected
by he grid of the pilot bumer }

- for high equivalence ratios, the fuel is injected
by the assembly of inner and outer grids of the
pilot burner.

We heve assumed that

- both ratings lead to the same maximum efficiency
D pax under the same temperature and pressure
conditions at the chamber inlet }

- the maximum combustion »fficiency of the pilot
burner is attained when the burned equivalence

ratio is = 0.25

1
rbopi:

~ the maximum combustion efficiency of the complete
system is attained when the bumed equivalence

ST AT

PPN

P —
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=15 =

ratio is rh oot = 0.70
It should be noticed that the positicns of these
maximums are a matter of adaptation of the combustion

system assembly,

6.4.2.1 - Maximum efficicrcy (Fig. 4)

The maximum efficiency is given by the
following equation 1

-.4 " (a1l ]
, - 0.95 - g5t T 10T X P, [ 0.5 + e-o.ooz'.9(1 .5-414)]

max
in which the preassure is expressed in
1b/8q.ft and the temperature in °R.

6.4.2.2 - Variation with equivalence ratio fF_:;g. 5)

- Operation on the pilot burmer alone 3

e
g = N Su with u errbopt7O

"= ex = (1.67 u'2-33.3 u”)

with u' = p"_ = 0

J
Bbrbopt<

- Operation on the complete systen :

- pt o i
with u"errbopt >0

a"p = o - (039 0,55 W)

with u < 0

= " -
T'Bb"b opt

6.4.2.3 - Haximum burned equivalence ratio

We dofine a maxirum burned equivalence

ratio, T sax which corresponds,

to a calculation limit, with

e/
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tiie purpose of retaining acceptable
combustion efficiencies. This maximum
aquivalence ratio is given by a law that
is a function of the total temperature,
‘1"'3 and of the total pressure P" i at
the inlet of the combustion chamber

[ (see Vol. 2.1, CYCLE ANALYSIS). For the
calculations of performance characteristics,
we have adopted a constant value equal to
0.8 3 the coefficients defining this
maximum efficiency have the following

values
q 8 o =f " L0
= 0, = ﬁczo Pc=

7 - EXIT NOZZLE
p— e ———

—_——

The exit nozzle is common to both annular and primary flows.

7.1 - Maxioum convergence ratio

At the meximum rating of the powerplant, it is

{ desirable to enlarge the exit throat sectional area so as
f to obtain a maximum thrust j; the air flow through the
( engine increases ; as a counterpart, the passage velocities

through the combustion chamber become higher : as a
result, the head losses increass.

o S——
-

¢ For the performance characteristics calculations we
have admitted that the convergence ratio (exit nogzle throat
( ' cross-sectional ares/combustion chamber imner croes-sec-
tional erea) should not exceed 0.75. This value has
( already been successfully tested on the NORD-AVIATION
| ( . .o o/u .
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ramjot-powered missiles and on the GRIFFON aircraft
powered by a turbo-ramjet combination engine.

7.2 - Simple—convergent configuration

In subsonic and transonic flight, up to Mach 1.3,
the performance charactcristics are calculated with the
exit nozzle in the simple-convergent configuration- To
take into account a constriction of the jet we admit
that within the exit section prevails an overpressure
Py / P, defined by

pg-po

from which

¥ o 2

= W == M
pg/po 1 + 0.1 > A

7.3 - Convergent-divergent c t

In supersonic flight, for flight Mech numbers
greater than 1.3, the exit rozzle is set into the
"convergent-divergent"configuration.

The performance characteristics are calculated
with the assumption that the gases expand down to
atmospheric pressure, with the following hypotheses 1

- isentropic expansion
- chemical equilibrium reached in every section of the
nozzle,.

osslee
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In order ‘o take into consideration, in the aggregate,
the losses due to friction in the nozzle, to divergence of
the exit jJet, and to partial dissociation, we introduce
a nozzle coefficient Y. For flight Hach numbers greater
than 1.3, this coefficient is pet constant and equal to
0.98.

The influence of tLis coefficient over the performance
characteristics is detailed in Vol. 1 - GPECIFICATIONS AND
PERFO.MMANCE,

8 ~ GEOMETRICAL DATA

The basic cross-sectional areas of the combination engine
adopted for the calculation of performance characteristics, are
those which were defined in the research executed under cover
of the previous contract AF 61 (052)-670 : TURBOFAN RAMJET
LNGINE STUDIES (Vol. 3.1 - GENERAL DIMENSIONS).

The mixer throat cross-section area, A"3, is equal to 3.6 sq.ft.

Cross-sactional area of the combination engine combustion
chamber, Ay i3 equal to 12.6 sq.ft.

Cross-gsectional area A" 4 which is the difference between
the combustion chambor cross-soction and the external cross-section
A', of the outer casing at the level of the turbofan turbines, is

4
equal to 7.5 Sq.f’t.
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Figure 2

HEAD LOSSES IN THE DIFFUSER
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Figure 4

ANNULAR COMBUSTION SYSTEM

MAXIMUM COMBUSTION EFFICIENCY
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